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Sonographic evaluation of cerebral ventricular system
in healthy, full term infants aged 1–6 months*
Estudo dos ventrículos cerebrais por ultrassonografia, na criança normal, nascida a termo, de 1 a 6 meses
Rosemeire Fernandes Garcia1, Henrique Manoel Lederman2, Julio Brandão3
Objective: Study of the cerebral ventricular system by ultrasonography with the objective of establishing parameters
for the diagnosis of mild ventricular dilatation. Materials and Methods: Prospective study of 105 healthy, full term
infants aged 1–6 months, submitted to monthly scans for morphological data evaluation and measurements of ventricle/
hemisphere ratio, and anteroposterior diameter of frontal horn and fourth ventricle. Results: Normality mean, standard
deviation and percentile were obtained for each age range. Negative results were observed in the search for anechoic
halo surrounding the posterior two thirds of the choroid plexus on coronal section VI for evaluation of temporal/posterior
horns, and the third ventricle was seen as an anechoic cleft < 1 mm on coronal section V in all of the evaluated infants.
Conclusion: Sonographic findings related to temporal/posterior horns and third ventricle associated with the 95th
percentile as upper limit of normality can be utilized as parameters for a simplified diagnosis of mild ventricular dilatation.
Keywords: Cerebral ventricles; Transfontanelle ultrasonography; Brain ultrasonography; Pediatric sonographic
measurements.
Objetivo: Estudo dos ventrículos cerebrais por ultrassonografia, com o objetivo de estabelecer de forma simplificada
parâmetros para diagnóstico das dilatações ventriculares leves. Materiais e Métodos: Foram estudadas, prospecti-
vamente, 105 crianças, normais, nascidas a termo, com um total de 181 exames realizados, mensalmente até os 6
meses, através da observação de dados morfológicos e medidas. As medidas efetuadas foram: índice ventrículo/he-
misfério, diâmetro anteroposterior do corno anterior e do quarto ventrículo. Resultados: Obtiveram-se média, desvio-
padrão e percentis de normalidade das medidas estabelecidas, em cada faixa etária. A pesquisa de halo anecoico nos
dois terços posteriores do plexo coroide em plano coronal VI, para avaliação dos cornos temporal/posterior, foi au-
sente, e o terceiro ventrículo mostrou-se como uma fenda anecoica, menor que 1 mm, em plano coronal V em todas
as crianças do estudo. Conclusão: Os achados morfológicos relacionados aos cornos temporal/posterior e ao terceiro
ventrículo, associados ao percentil 95 das medidas como limite superior da normalidade, podem ser utilizados para
diagnóstico simplificado de dilatações ventriculares leves.
Unitermos: Ventrículos cerebrais; Ultrassonografia transfontanelar; Ultrassonografia cerebral; Medidas em ultrassom
pediátrico.
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ORIGINAL ARTICLE
In such group of infants, one may find
infants with no imaging finding, with ven-
tricular dilatation or with increased extra-
axial cerebrospinal fluid, and the infants in
these last two groups present increased risk
for neuropsychomotor development delay,
requiring multidisciplinary intervention in
order to achieve better quality of life for the
patient(1,7–9).
Ventricular dilatation still remains as a
marker in neuropsychiatric developmental
disorders (such as, autism and schizophre-
nia, for example)(10).
The development of the cerebral ven-
tricular system in the prenatal period(10-14)
has been well studied. Many measurements
have been proposed for the immediate
demonstrating good correlation with clini-
cal conditions, necropsy data and with
other imaging methods such as computed
tomography and magnetic resonance imag-
ing, particularly in the diagnosis of malfor-
mations, hemorrhagic lesions and ventricu-
lar alterations(1–6). However, it is less sen-
sitive in the detection of white matter le-
sions(6).
After the neonatal period, infants are
frequently referred for the evaluation of
bulging fontanelle and increase of the
cephalic perimeter above the 95th percen-
tile. In such conditions, the interest turns
toward the early detection of ventricular
dilatation and presence of extra-axial fluid
collection(7,8).
INTRODUCTION
Ultrasonography is a low-cost imaging
diagnosis method with no known biologi-
cal hazard that can be utilized at bedside,
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post-natal period, with some studies indi-
cating normality indices for the preterm
newborns(15–19).
Scarce data are available in the literature
for full term infants in the post-neonatal
period(20–26), especially regarding monthly
measurements(23). The ventricle/hemi-
sphere ratio (VHR) is the measurement
most frequently utilized.
However, because of the increase in
skull dimensions, on account of the normal
child growth, many times the image cap-
tured by the transducer does not clearly
reach the brain surface boundaries adjacent
to the inner table of the skull cap, in the
same region where the measurement plane
of the limits of the lateral ventricle is pro-
jected, thus impairing the correct measure-
ment. Additionally, the anterior horn of the
lateral ventricle initially increases in its an-
teroposterior diameter in most cases of
ventricular dilatation, so that the VHR may
be normal upon the start of a ventricular
dilatation, thus not being efficient for the
early diagnosis of such abnormality(24).
The anxiety generated in the assistance
to such infants, particularly those over one
month of age, because of the absence of
month-by-month normality values in the
literature above which ventricular dilata-
tion might be diagnosed, has been the pri-
mary motivation behind the present re-
search project.
Once a normality parameter is defined,
the abnormality diagnosis is inferred.
MATERIALS AND METHODS
The present prospective study included
healthy, full term infants aged between 0
and 6 months, enrolled after signature of a
term of free and informed consent.
Monthly evaluations were proposed to
all the parents or guardians.
Exclusion criteria were the following:
cerebral changes (hemorrhages, malforma-
tions and other) detected at the first exami-
nation; neurological symptoms or signs at
the first evaluation or subsequent examina-
tions; increase in cephalic diameter above
the 95th percentile for the age group; Apgar
< 7 at the first postnatal minute; infants
born small or large for gestational age; in-
fants from mothers presenting positive se-
rology for STORCH, hemorrhagic or im-
mune disorders or history of drug use, or
treated with teratogenic drugs during preg-
nancy; and infants with multiple malforma-
tions or genetic syndromes.
The anterior fontanelle was proposed as
sonographic window for all the measure-
ments, as it remains open for longer over
the infant development, as firstly described
in 1980 by Dewbury & Aluwihare for
evaluating the ventricular system in the
neonatal period(27). As regards the selection
of the probe (transducer), in spite of the 5
MHz microconvex probe being considered
the most appropriate to study the brain by
transfontanellar approach, it is difficult to
find this probe at imaging centers, includ-
ing teaching institutions.
Frequently, the services utilize the
endocavitary probe in lieu of a microcon-
vex in the scan, but its use makes the scan
quite uncomfortable, particularly in cases
where the scan is performed in an infant
incubator.
With a view on obtaining similar results
to those, a 3–5 MHz convex probe was se-
lected, followed by a 7.5–14 MHz linear
transducer, for the ultrasound scans.
It is important to highlight that images
obtained with the convex probe in the dif-
ferent study planes are more similar to
those obtained with the microconvex probe
than those obtained with the endocavitary
probe
As regards the utilization of a high fre-
quency linear probe, it is an essential prac-
tice to complete any sonographic evalua-
tion, particularly in pediatrics, as it allows
image detailing of some structures closer
to the transducer. In the present study, such
was the transducer utilized for the measure-
ment of the anterior horn of the lateral ven-
tricle.
The ultrasound scans were performed
with the infant in dorsal decubitus on the
examination table or on the mother’s lap,
and the mean examination time ranged
from 15 to 20 minutes.
The following parameters were evalu-
ated in all the patients in the study:
a) VHR, at right (RVHR) and left
(LVHR), corresponding to the ratio be-
tween the distance from the falx cerebri to
the limit of lateral ventricle and the falx
cerebri to the inner table measured at the
same level. Such measurement was per-
formed in the coronal plane IV(28), corre-
sponding to the plane that comprises the
bodies of the lateral ventricles, the third
ventricle within the thalami, at level of the
foramen of Monro (Figure 1);
Figure 1. Measurement of RVHR and LVHR in the
coronal plane IV.
b) anteroposterior diameter of the ante-
rior horn of the lateral ventricle (AHLV),
at right (RAHLV) and left (LAHLV), that
is obtained with a caliper on the anterior
wall and another on the posterior wall of
the anterior horn of the lateral ventricle, so
as to obtain a line at a angle 90° in relation
to the two ventricular walls and to the cor-
pus callosum, in the coronal plane V(28),
where the rectified floor of the anterior
horn is visualized, identifying in it the
medial longitudinal fissure of the brain , the
cingulate sulcus and gyrus, the corpus cal-
losum splenium, the thalami, the anterior
caudothalamic groove, besides the anterior
horns of the lateral ventricles(28) (Figure 2);
c) presence of anechoic image sur-
rounding the two posterior thirds of the
choroid plexus, that allows the evaluation
of the enlargement of the temporal/poste-
rior horn, in the coronal plane VI(28), that
is achieved by posterior angulation of the
transducer from the anterior plane, where
the medial longitudinal fissure of the brain
and the choroid plexus are visualized. Typi-
cally, in this plane, the cerebrospinal fluid
is not visualized in the lateral ventricle;
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The means for VHR obtained at right
(RVHR) were: 0.27 (0.19–0.35; standard
deviation [SD]: 0.04) in infants between 5
and 10 days of life; 0.29 (0.21–0.36; SD:
0.04) in one-month-old infants; 0.29 (0.21–
0.35; SD: 0.04) in two-month-old infants;
0.28 (0.22–0.35; SD: 0.04) in three-month-
old infants; 0.27 (0.22–0.34; SD: 0.03) in
four-month-old infants; 0.27 (0.22–0.33;
SD: 0.03) in five-month-old infants; 0.28
(0.22–0.35; SD: 0.03) in six-month-old
infants.
The means VHR obtained at left
(LVHR) were: 0.27 (0.19–0.35; SD: 0.04)
in infants between 5 and 10 days of life;
0.29 (0.21–0.35; SD: 0.04) in one-month-
old infants; 0.29 (0.18–0.36; SD: 0.04) in
two-month-old infants; 0.29 (0.21–0.35;
DP: 0.05) in three-month-old infants; 0.27
(0.23–0.34; DP: 0.03) in four-month-old
infants; 0.27 (0.22–0.33; SD: 0.03) in five-
month-old infants; 0.29 (0.23–0.36; SD:
0.03) in six-month-old infants.
Table 1 shows the 5th to 95th percen-
tiles obtained for RVHR and LVHR.
The anterior horns were evaluated by
means of the RAHLV and LAHLV mea-
surements.
Mean RAHLV values were the follow-
ing: 2.03 (0.90–3.70; SD: 0.63) in infants
between 5 and 10 days of life; 2.31 (1.00–
7.60; SD: 0.78) in one-month-old infants;
2.69 (1.10–4.90; SD: 0.67) in two-month-
old infants; 3.26 (1.00–5.30; SD: 1.17) in
Figure 3. Absence of anechoic halo around the
posterior two thirds of the choroid plexus in the
coronal plane VI.
Figure 4. Third ventricle is not visualized between
the thalami in the coronal plane V.
Figure 5. Measurement of the fourth ventricle in
the medial sagittal plane.
eventually it may be seen as an anechoic
film around the choroid plexus in preterm
newborns (Figure 3);
d) third ventricle measured in the coro-
nal plane V(28), above described in its
laterolateral diameter (Figure 4);
e) fourth ventricle in its vertical
(craniocaudal) and transverse (latero-
lateral) diameters, considering the mean of
such values, in the medial sagittal plane(28)
that is obtained by directing the transducer
towards the sagittal suture, where one can
visualize the sella turcica, the corpus cal-
losum, the cavum septum pellucidum, the
cavum vergae, the cingulate gyrus, the third
ventricle, the cerebral aqueduct, the fourth
ventricle, the cerebellar vermis, the cerebel-
lar tentorium, the cisterna magna, the thala-
mus, the bridge and the medulla oblon-
gata(28) (Figure 5).
RESULTS
The present prospective study included
105 infants, 55 being boys and 50 girls,
with a total of 181 scans being performed,
34 of them in infants with ages between 5
and 10 days, 36 in one-month-old infants,
30 in two-month-old infants, 20 in three-
month-old infants, 20 in four-month-old
infants, 21 in five-month-old infants and 20
in six-month-old infants.
Figure 2. Measure-
ment of RAHLV and
LAHLV in the coronal
plane V.
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three-month-old infants; 3.70 (2.00–5.50;
SD: 0.96) in four-month-old infants; 3.51
(1.60–6.20; SD: 1.18) in five-month-old
infants; 4.27 (1.50–6.00; SD: 1.35) in six-
month-old infants.
Mean LAHLV values were the follow-
ing: 2.16 (0.80–3.10; SD: 0.59) in infants
between 5 and 10 days of life; 2.52 (1.40–
7.10; SD: 0.79) in one-month-old infants;
3.20 (2.10–4.90; SD:0.67) in two-month-
old infants; 3.73 (1.60–5.30; SD: 0.92) in
three-month-old infants; 3.73 (1.90–5.70;
SD: 0.82) in four-month-old infants; 3.81
(1.60–6.20; SD: 1.16) in five-month-old
infants; 4.54 (2.30–6.70 SD: 1.29) in six-
month-old infants.
Table 2 shows the 5th to 95th percen-
tiles obtained for RAHLV and LAHLV.
As regards the qualitative parameter for
evaluation of the temporal and posterior
horns, the authors observed that in 100%
of the infants in the present study anechoic
halos were not visualized on the posterior
two thirds of the choroid plexus in the coro-
nal plane VI(28).
The third ventricle evaluation was based
on the presence or absence of an anechoic
cleft image centrally located between the
thalami, > 1 mm wide, in the coronal plane
V(28). Such an image was absent or was < 1
mm in 100% of the infants.
The fourth ventricle was measured by
utilizing the mean between its height (ver-
tical or craniocaudal diameter) and width
(transverse or laterolateral diameter) in the
medial sagittal plane. The means values for
the fourth ventricle were the following:
4.59 (2.90–6.80; SD: 0.92) in infants be-
tween 5 and 10 days of life; 5.44 (4.00–
8.00; SD: 0.92) in one-month-old infants;
5.43 (3.00–9.00; SD: 1.33) in two-month-
old infants; 6.36 (4.00–9.00; SD: 1.32) in
three-month-old infants; 6.29 (4.00–10.00;
SD: 1.44) in four-month-old infants; 6.01
(4.00–8.00; SD: 1.22) in five-month-old
infants; 6.52 (4.00–10.00; SD: 1.15) in six-
month-old infants.
Table 3 shows the 5th to 95th percen-
tiles obtained for the fourth ventricle.
The Wilcoxon test was applied for com-
paring the results of AHLV measurements
at right and left, considering a significance
level of 5%, observing that in the evalua-
tions at two, three, five and six months,
statistically significant differences were
Table 1 5th to 95th percentiles for RVHR and LVHR in the different age groups.
Percentiles
5
10
25
50
75
90
95
5
10
25
50
75
90
95
Age
RVHR
LVHR
5–10 days
0.198
0.220
0.228
0.270
0.303
0.325
0.335
0.208
0.210
0.230
0.280
0.303
0.335
0.345
1 month
0.228
0.230
0.260
0.300
0.325
0.340
0.351
0.219
0.230
0.260
0.310
0.330
0.342
0.350
2 months
0.216
0.240
0.258
0.300
0.320
0.330
0.339
0.213
0.240
0.270
0.295
0.323
0.348
0.360
3 months
0.221
0.230
0.253
0.285
0.318
0.339
0.350
0.211
0.221
0.253
0.300
0.328
0.350
0.350
4 months
0.221
0.240
0.250
0.260
0.290
0.310
0.339
0.230
0.231
0.243
0.275
0.290
0.318
0.339
5 months
0.221
0.230
0.245
0.280
0.290
0.320
0.329
0.220
0.222
0.245
0.280
0.295
0.326
0.330
6 months
0.221
0.232
0.260
0.270
0.308
0.319
0.349
0.231
0.251
0.270
0.280
0.300
0.328
0.359
Table 2 5th to 95th percentiles for RAHLV and LAHLV in the different age groups.
Percentiles
5
10
25
50
75
90
95
5
10
25
50
75
90
95
Age
RAHLV
LAHLV
5–10 days
1.050
1.300
1.575
2.000
2.425
2.950
3.175
1.100
1.350
1.600
2.300
2.575
2.900
2.950
1 month
1.360
1.480
1.700
2.200
3.000
3.540
4.540
1.400
1.700
2.000
2.500
2.950
3.740
5.030
2 months
1.320
1.800
2.450
2.700
3.025
3.290
4.075
2.155
2.210
2.600
3.150
3.550
3.990
4.735
3 months
0.080
1.660
2.550
3.500
3.950
4.750
5.275
1.645
2.520
3.100
3.800
4.450
4.970
5.285
4 months
2.005
2.140
3.225
3.550
4.575
4.980
5.475
1.935
2.640
3.225
3.850
4.075
4.930
5.665
5 months
1.620
1.840
2.600
3.700
4.250
5.220
6.120
1.620
1.820
3.300
3.900
4.600
5.260
6.110
6 months
1.560
2.720
3.000
4.450
5.700
5.890
5.995
2.325
2.820
3.350
4.650
5.725
6.160
6.675
Table 3 5th to 95th percentiles for the fourth ventricle in the different age groups.
Percentiles
5
10
25
50
75
90
95
5–10 days
3.050
3.350
4.000
4.500
5.080
6.000
6.650
Age
1 month
4.000
4.240
4.700
5.300
6.100
6.660
7.100
2 months
3.360
3.830
4.400
5.200
6.450
6.890
8.330
3 months
4.410
4.630
5.150
6.550
7.220
8.190
9.060
4 months
4.020
4.370
5.100
6.050
7.250
8.180
9.530
5 months
3.640
4.140
5.050
6.100
7.050
7.520
8.320
6 months
4.320
4.900
6.000
6.250
7.320
7.970
9.420
detected between both sides, always with
a tendency towards larger dimensions on
the left side. As regards VHR, on the other
hand, no significant difference was ob-
served in any of the age groups.
DISCUSSION
The diagnosis of a severe ventriculo-
megaly does not pose difficulties, but the
identification of mild ventricular dilatation
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depends on the establishment of normality
threshold parameters.
There is a controversy in the literature
about the words which define the measure-
ments, a fact which impairs the evaluation
of the studies since not all published ar-
ticles comprise the exact description of the
measurements or pictures of such measure-
ments, which would allow the verification
of the measurement plane.
In most of the studies evaluating full
term newborns, the maximum VHR thresh-
olds ranged between 0.33 and 0.37 and the
minimum thresholds, between 0.12 and
0.27(17,20–26). Probably, the difference in re-
sults of the studies was secondary to the
selection of different measurement planes.
A subtle anterior inclination in the coronal
plane may reduce the values for measure-
ments of the anterior horn, therefore chang-
ing the VHR results.
In spite of being described with a wide
range of normality and of not identifying
cases of mild ventriculomegaly(24), VHR is
undoubtedly the measurement most fre-
quently utilized in the daily practice.
It should be highlighted that the study
developed by Shah et al.(23) was the only
study evaluating healthy infants identified
by the authors in the literature. Such study
included 50 full term and 350 preterm in-
fants evaluated month-by-month with
VHR measurements, named by Levene(16)
as ventricular index, and described in some
studies as ventricular width and in others
simply as ventricular size (corresponding
to the distance between the falx cerebri and
the exterior boundary of the ventricular
wall, in the plane in which de foramina of
Monro are visualized), which, in the
present study, was not considered appropri-
ate for evaluating early or mild ventriculo-
megaly, considering that, as previously
mentioned, the growth of the anterior horn
initially occurs anteroposteriorly, and not
laterolaterally. As regards the mean VHR,
in the study developed by Shah et al. it was
0.12 ± 0.052 in preterm newborns, and 0.12
± 0.076 in full term newborns. The VHR
increased from 0.14 ± 0.064 at the first
month, to 0.17 ± 0.056 at the third month,
stabilizing at this level up to the sixth
month. The findings reported in such ar-
ticle are in disagreement with data regard-
ing ventricular index reported by Levene,
and with most of other studies in the litera-
ture and also with the findings of the
present study, regarding VHR.
The anterior horns were morphometri-
cally evaluated by measurements of the an-
teroposterior diameter of left and right
AHLV.
The mean values obtained for antero-
posterior diameter of the anterior horn, at
right and left, per age group are described
in the topic “Results”.
Huarhua Ccallohuanca(22) have studied
the height of the frontal horn (equivalent
measurement) in 120 full term newborns
(60 boys and 60 girls) and in 80 healthy
three-month-old infants (40 boys and 40
girls), obtaining the following mean values:
1.17 mm (SD ± 0.37) for male newborns),
and 1.23 mm (SD ± 0.46) for female new-
borns; 1.27 mm (SD ± 0.62) for three-
month-old male infants, and 1.67 mm (SD
± 0.61) for three-month-old female infants
Such values are lower than those found by
the present casuistry.
However, the results reported by
Gravendeel & Rosendahl(21) in a study with
four- and eight-month-old infants, are
closer to those in the present study. Those
authors have observed that the measure-
ments increase with age, with a more sig-
nificant increase in the anteroposterior di-
ameter of the frontal horn in the first four
months, as it may be observed by the re-
ported values as follows: 2.2 mm (0 to 4.4
mm) at birth to 6.5 mm (3.1 to 9.9 mm) at
four months and 6.8 mm (3.0 to 10.6 mm)
at eight months, in boys, and from 2.1 mm
(0 to 4.7 mm) at birth to 5.8 mm (2.2 to 9.4
mm) and 6.0 mm (3.0 to 9.0 mm) at 8
months, in girls.
The mean values found in the present
study are in agreement with those reported
by Bazán-Camacho et al. who mention ref-
erence values of 2 mm at birth and 4 mm
at the fifth month(9).
The temporal and posterior horns were
evaluated in a simplified manner, by means
of the investigation of an anechoic halo on
the posterior two thirds of the choroid
plexus in the coronal plane VI(28), that, as
previously mentioned, was absent in all
infants in the present study.
As regards the third ventricle, the option
was made to consider the presence of its
image in the coronal plane V (28) as an
anechoic cleft > 1 mm between the thalami;
and in all cases in the present study it was
“virtual” or < 1 mm. Studies in the litera-
ture measuring the third ventricle, do it in
a more anterior plane (coronal IV) (28), the
same utilized for measurement of VHR—
the coronal plane IV—, so their results are
not comparable with the present study.
As regards the measurements of the
fourth ventricle, there are studies in the lit-
erature reporting its measurement through
the posterior fontanelle, in the coronal
plane, considering its two diameters(18,26).
In the present study, both diameters were
measured in the medial sagittal plane, and
the results were similar to those reported in
literature.
Thus, it is important to highlight that
any measurement utilized as a normality
threshold for the diagnosis of ventricular
dilatation must be related to the plane in
which such measurement is performed.
The difficulty in working with infants
lies in the adherence. The authors intended
to gather a larger casuistry, but it fell short
of the expectations. The percentile table is
the statistical alternative found to establish
the criteria for normality threshold.
CONCLUSION
The measurements of the anterior horn
demonstrated a progressive increase up to
the fifth month, with the most noticeable
increase occurring in the first three months
and the least noticeable or absent increase
occurring in the fifth and sixth months. In
daily practice, the 95th percentile of the
measurements (VHR and anterior diameter
of the anterior horn at right and left, and of
the fourth ventricle) can be utilized as up-
per normality threshold.
The absence of an anechoic halo on the
posterior two thirds of the choroid plexus
in the coronal plane VI may be utilized as
a reference data for normality of the tem-
poral/posterior horn, since such halo was
absent in all infants included in the present
study, in full term patients.
In all the studied infants, the third ven-
tricle, in the coronal plane V, was seen as a
virtual or < 1 mm anechoic cleft, such data
being considered as a normality parameter.
A statistically significant asymmetry
was frequently observed between the right
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and left side measurements in the different
age groups, so it may be affirmed that, even
in healthy infants, there may be a mild
asymmetry between the right and left sides.
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